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Modified Cover System for Hazardous Waste Landfills in Semi-arid Areas 
S.Dutta 
U.S. Environmental Protection Agency, Washington, D.C., 
SYNOPSIS Flawless installation of conventional clay cover system in semi-arid areas is almost an impossibility. Cracks and micro-
f,.ctures in clay cover system leading to high seepage and plume mig,.tion has been experienced by many landfills in semi-arid areas. 
A modified cover system developed by the author at Tinker Air Force Base, Oklahoma is designed to overcome the leakage effect by 
using manufactured clay liners in combination with a thin cushion of clay layer. Another major disadvantase of the conventional clay 
cover system is the mounding effect of the cover system and the resulting capture and conversion of the contiguous clean and usable 
land into "hazardous• landfill site. The modified cover system is desisned to J'educe the mounding effect to a minimum and it does not 
capture any buffer areas for inclusion in the hazardous landfill site. Hydrolosic Evaluation of Landfill Performance (HELP) models 
showed significant improvement in J'educins the percolation for the modified cover system over a conventional one. 
1 IN'IRODUcriON 
Leachate from Landfills are considered to be one of the prime 
factors responsible for the impending problem of ground water 
pollution. The U.S. Environmental Protection Agency (EPA) 
has established some standards to minimize these landfill 
leachate under Subtitle C of the Resource Conservation and 
Recovery Act (RCRA). The RCRA technical guidance 
document by U.S. EPA (1989) provides guidance on the design 
and operating requirements and the closure and post-closure 
requirements of 40 CFR Part 264 for landfills. 
The closure requirement for landfills involves construction of a 
cover system, commonly known as the RCRA cap, in accordance 
with the guidance provided by U.S. EPA (1989). Several 
problems were encountered during installation of a few of these 
RCRA caps at a facility in a semi-arid area. To overcome those 
problems the conventional RCRA design was modified as 
described in this paper for better performance of the landfill. 
2 SllE BACKGROUND 
2.1 Location and Site Overview 
linker Air Force Base (TAFB) is located on the Southeast side 
of Oklahoma City, Oklahoma. TAFB is one of the Air Force 
Logistic Centers (AFLC). It mainly provides the engine overhaul 
and maintenance services for various jet engines and other 
support activities for the U.S. Air Force. There are various other 
supporting services at TAFB which generates hazardous wastes. 
Since early 1940s the base has handled hazardous materials and 
wastes. The base boundary encompasses an area of about 5000 
acres. Past disposal sites within the base boundary include 
Landfills, Industrial Waste Pits (IWP), Underground Storage 
Tanks (US1), sludge pits within B3001, Sludge Drying Beds, and 
Radioactive Waste Disposal Sites (RWDS) (Dutta, 1991). Figure 
1 shows the general location of TAFB. 
The disposal sites within the base boundary, such as, Landfills, 
Industrial Waste Pits (IWP), Underground Storage Tanks (US1), 
Sludge Drying Beds, and Radioactive Waste Disposal Sites 
(RWDS) are regulated by the Resource Conservation and 
Recovery Act (RCRA). 
To deal with the past disposal sites the Air Force introduced 
the Installation Restoration Program (IRP) in 1981. Under this 
program at TAFB a Preliminary Assessment and Site Inspection 
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Figure 1. General Site Location in Oklahoma. 
(P ASI) was carried out. At the present time TAFB has about 31 
sites in total under the IRP. Figure 2 shows locations of some of 
the landfill sites within the Tinker Air Force Base boundary. A 
Part B treatment storage and disposal facility (TSDF) permit for 
the entire base was issued by EPA in November 1991. The 
cleanup actions on some of the landfills are discussed in the 
following paragraphs. 
A conventional clay cover system has already been placed over 
landfills 5, and 6 during 1988-89 prior to the EPA (1989) 
guidance. Cover system for landfills #1 and #3 has been 
installed in 1990-91. These two covers has been designed and 
installed according to the EPA (1989) guidance. 
A cover system has been designed for landfills 2 and 4. 
Underneath the waste trenches of Landfill #2 and #4 a 
significant plume exists from mixed organics as evidenced by the 
groundwater monitoring wells, soil gas surveys, and core 
samples. The conventional RCRA cover design was modified for 
landfills 2 and 4 to replace the clay layer with a bentonite based 
manufactured liner system. 
2.2 Summary Characteristics of Landfills 
Out of the six landfills within TAFB the characteristics of only 
two landfills (landfills 2 and 4) that are targeted for a modified 
cover system are succinctly described in this section. 
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Figure 2. Location of Landfill Sites at TAFB 
T AFB has six landfills in total. The status of the Landfills at 
TAFB is furnished below: 
Landfill No. Ma Remarks 
1 1.5 Ac. Cap constructed 
2 27.5 Ac. Cap Design completed 
3 8.0 Ac. Cap Constructed 
4 12.4 Ac. Cap Design completed 
5 4.0 Ac. Cap completed (1988) 
6 25.0 Ac. Cap completed (1987) 
Landfill 2 was used for the disposal of general refuse generated 
on base, which was primarily industrial. Small quantities of low 
level radioactive waste (such as radio tubes), paints and solvents 
were also buried in the landfill trenches. The southern end of 
Landfill2 was utilized for a redrumming area. Leaky drums 
from various base operations were stored and redrummed in this 
area. Borings in the Landfill 2 trenches uncovered a layer of 
mixed trash below the surface. The trash found in the landfill 
comprised primarily of wood, metal, paper, rubber, and plastic 
materials. An estimated 603,387 cubic yards of trash was 
deposited in Landfill 2. Drummed materials, including a 
solidified polymer and metal shavings, were found in trenches on 
the southwestern edge of Landfill 2. 
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A sludge dump investigation, and a soil boring (boring nos. 1.2-
1 to 1.2-10, Figure 2) were conducted across the trench area on 
Landfill 2. The soil samples of the cover materials were 
collected with split-spoons or shelby tubes. The consolidated 
shales, siltstones, and sandstones underlying the overburden 
material were sampled using a 4 inch core barrel in selected 
locations. PVC pipes were installed in the boreholes where 
water was encountered. These borings included location 
numbers 1.2-1, 1.2-2, 1.2-3, 12-4, 12-5, 12-5, 1.2-7, 1.2-8 and 1.2-
10. Boring 12-9 was a dry hole. 
In June 1989, four additional soil borings (boring nos. 1.2-11 to 
1.2-14) were drilled along the eastern side of Landfill2. The 
purpose of these borings was to better define the landfill 
boundary. A specific-use sludge dump was discovered at boring 
location 1.2-11, in the northeastern comer of the landfill. 
Borings 1.2-12, 12-13 and 12-14 were drilled in the southeastern 
edge of the landfill. No wastes were encountered in these three 
borings, so the landfill 2 boundary was revised to exclude this 
area. This modification placed the southeast comer of Landfill 2 
approximately 300 feet west of Reserve Road, previously the 
comer had been immediately adjacent to the road. The modified 
boundary is shown on Figure 1. The area surrounding boring 1.2-
9 was not excluded from the landfill because of evidence of 
trenches in the area on historical aerial photographs. 
As mentioned in the above paragraph, boring 12-11 indicated 
a specific-use sludge dump located in the northeastern comer of 
the landfill. High concentrations of industrial solvents and 
hydrocarbons were detected in the collected samples. Records 
were not available on the type of material deposited in this area, 
thus an investigation was performed to characterize the sludge 
material encountered. Borings in this area revealed a black, 
sludge-like material. The follow-up investigation was conducted 
in the vicinity of the sludge dump to determine the lateral and 
vertical limits of the sludge dump and further characterize the 
contaminants located there. This investigation involved the 
drilling of multiple boreholes in the immediate vicinity of the 
original boring, 1.2-11. A low temperature thermal treatment 
system was used to treat the soils from the specific-use sludge 
dump area in August 1989. 
During investigations conducted in January and February of 
1987, the quality of groundwater in the landfill trenches was 
determined from samples taken from PVC pipes set in the 
trench boring holes. Major contaminants detected during this 
sampling of different boring locations from Landfill 2 included 
acetone (2900 ppb ), 2-butanone (23000 ppb ), 2-hexanone (2700 
ppb), TCE (380 ppb), 1,2-DCE (3000 ppb), diethyl phthlate 
(1200 ppb), and high levels of chromium (91000 ppb) and 
manganese (12000 ppb ). The contaminants detected varied 
greatly in detection frequency and concentration across the site. 
This is not unusual for landfills. 
2.3 Landfills 1 and 3 Cover Installation and Associated Problems 
The cover systems for landfills 1 and 3 has been designed and 
installed in 1990-91 according to the EPA (1989) guidance. The 
RCRA cover system was first installed at Landfill 1 (1.2 Ac.). 
The pre-existing humps on the original ground level of this 
landfill called for filling and grading to contour first before 
installation of the cover system. This initial fill raised the base of 
the cover system by about 18 inches. The conventional 
multilayer cover system was then placed on top this graded base 
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level. The RCRA cover system as installed on landfills 1 and 3 
are shown on Figure 3. It includes the following elements, from 
top to bottom: 1. A 24" (60 ern) vegetation/soil top layer; 2. A 
1/8" (030 em) protective filter fabric layer; 3. A 12" (30 em) 
drainage layer; 4. A 20-mil (0.5 nun) flexible membrane liner 
(FML); 5. A 24" (60 ern) low-permeability (1 x 10-7) clay layer; 








Figure 3. Cover Design for Landfills 1 and 3 
The installation of the clay layer was done in 6" (15 em) lifts 
during late Winter and early Spring of 1991. Despite all attempts 
to avoid generation of surface cracks, it was not possible to 
suppress development of the fast developing cracks during the 
completion of each lifts due to the highly desiccating climate at 
this site. 
The other problem associated with the construction of RCRA 
caps on landfills 1 and 3 was the mounding effect of the cover. 
This was physically noticeable during the final phase of 
construction of the cover system. A significant amount of useable 
areas outside the landfill boundaries were taken into the landfill 
for maintaining the recommended 2-5% slopes of the cover 
during construction. This mounding effect posed a major loss to 
the base by depriving T AFB of about 2 acres, in total, of useful 
land surrounding the two landfills. Also, the mounds changed the 
terrestrial look of the area and affected the wildlife habitats of 
the area because of the fences all around the cover system. 
The high cost of the RCRA cover system is another major 
disadvantage of the conventional cover system. The cost of the 
Landfill 1 (1.2 Ac.) and Landfill 3 (8 Ac.) were $0.3 and $1.7 
Millions respectively. 
3 MODIFIED COVER SYSTEM DESIGN 
To overcome some of the problems encountered during 
installation of the conventional cover systems on landfills 1 and 
3, some modifications to the RCRA cap were looked into to 
meet the needs of landfill covers in semi-arid areas. The layers 
were modified to replace the 24" (60 em) clay layer with a 1/4" 
(0.60 em) manufactured bentonite liner with a 6" (15 em) clay 
cushion at the bottom. Due to the high biological activity in the 
landfills a gas vent layer was also provided. The modified cover 
system design is shown on Figure 4. It includes the following 
elements, from top to bottom: 1. A 18" (45 ern) vegetation/soil 
top layer; 2. A 1/8" (030 em) protective filter fabric layer; 3. A 
12" (30 em) drainage layer; 4. A 30-mil (0.75 nun) flexible 
membrane liner (FML); 5. A 1/4" (.62 em) manufactured 
bentonite liner; 6. A 6" (15 em) low-permeability (1 x 1()"7) clay 
cushion; and 7. An initial fill layer 0-12" (0-30 em) to be 
optionally used as gas drainage layer. 
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Figure 4. Modified Cover System for Landfills 2 & 4, T AFB 
A Hydrologic Evaluation of Landfill Performance (HELP) 
model was run on the cover system with different design 
alternatives. Summary of results from the model is furnished in 
Table 1. 
TABLE 1. Summary Of Results From HELP Model for the 
Landfill Cover System at Tinker AFB. 
Design Alternative Percolation/Year 
Inches Cu. ft.(5-yr Avg.) 
1. Modified cover 0.00004 6.0 
design 
2. Conceptual 0.0053 770.0 
without FML 
3. 4' Clay 0.5335 77,464.0 
Conventional 
RCRADesign 
with 2' additional 
clay layer 
Remarks 
Figure 4 above 
40 Ac. Landfill 
40 Ac. Landfill 
40 Ac. Landfill 
As evident from the above Table, the primary advantage of the 
modified cover system is its extremely low seepage potential 
through the cover system, thereby minimizing any leachate 
generation and migration from the waste trenches. The seepage 
through the modified cover system is expected to be about 
15,000 times lower than a conventional RCRA cap with 24" clay 
layer. 
The second advantage of the modified cover system is the 
minimal mounding effect due to the low total thickness of the 
cover system as compared to a conventional one. The increase in 
the elevation of pre-existing ridges of the landfill will not exceed 
3 feet as compared to 5 feet for a conventional RCRA cap. The 
modified cover system design for landfills 2 and 4 will not 
absorb any useful land outside the landfill boundaries. 
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The cost of some of the manufactured bentonite liners were 
checked and found to vary between $0.60 to $0.70 per sqft. 
installed This translates to about $209,000 for covering 8 acres 
(Landfill3) as compared to the expended cost of about $600,000 
for the clay layer of the RCRA cap of Landfill 3. 
3 CONCLUSIONS AND RECOMMENDATIONS 
The modified cover system designed for landfills 2 and 4 at the 
Tinker Air Force Base is summarized in the following 
paragraph. 
The modified cover system as designed for landfills 2 and 4 are 
shown on Figure 4. The total cover thickness is 36 inches (90 
em) excluding the initial fill layer, which will be used only to fill 
the shallow gullies formed due to the subsidence of the trench 
areas. 
The modified cover system is designed to overcome the 
leakage effect through microfractures in the clay layers by 
replacing the clay layer with manufactured bentonite liners and a 
thin cushion of clay layer. The manufactured bentonite liners 
have very low permeabilities ranging from 10-9 to 10"10 cmjsec. 
Hydrologic evaluation of landfill performance (HELP) models 
were run for two existing landfill sites, containing a total of 40 
acres, within the T AFB. The result showed a percolation of 6 
cuftjyr. for a modified cover system as compared to 77,464 
cuftjyr. for the conventional RCRA cap. The modified cover 
system is thus expected to cause significant reduction in leachate 
generation and migration for hazardous waste landfills. 
The modified cover system is also designed to reduce the 
mounding effect to a minimum and does not capture any buffer 
areas into the hazardous landfill site. 
The lower construction cost of the modified cover system is 
another advantage over the conventional system. The 
construction cost for a modified cover system is estimated to be 
25- 30% lower than a conventional one. 
The modified cover design of TAFB will not significantly 
change for application at other industrial sites in any other 
climatic condition. The design used at this site could be used in 
similar other sites for better performance of the landfill. 
It is recommended that the pre and post-construction quantity 
and quality of the uppermost groundwater aquifer in the vicinity 
of all modified cover installations be monitored and reported for 
validation of the field effectiveness of the modified system. 
Submission of data from any such installation could be made to 
the author for inclusion in the U.S. Environmental Protection 
Agency's (EPA) research and development database. 
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